Guided by the large theoretical interest in quantum entanglement and the ongoing related experiments, we discuss a proposal for this connection in terms of an extra spatial dimension. Through this 5 th compact dimension, particles created from one source at a point in the 5D spacetime remain apparently instantly connected via the 5 th hidden dimension at a length scale ∼ P lanck /2π.
Introduction
Entanglement is a distinguishing feature of quantum mechanics that does not exist in classical mechanics [1] . It is a fundamental quantum mechanical origin that can be shared among spatially separated parties [2, 3, 4, 5] . It has been recognized as a useful physical resource as it plays a central role in many applications of quantum computation and quantum information, such as quantum teleportation, quantum cryptography and quantum coding [6, 7, 8] . However, many fundamental questions concerning quantum entanglement are still under debate. An important such question concerns the existence of entanglement itself as an instant action at distane, i.e., spooky action at a distance. as named by A.Einstein [4] . This quantum feature which apparently breaks the notion of locality in space as well as special realtivity in classical mechanics may shed light on the fundamental laws governing our universe as well as the deep fabric of spacetime [9] . Extra dimensions are likely the best-known feature in modern physics which deals with the structure of spacetime [10] . While the development of extra dimensions in realistic theories requires advanced skills like quantum field theory and their existence is unlikely, however, the consideration for extra dimensions remains highly motivated in modern unifying theories such as extensions of the standard of particle physics, string theory, and gravity. It is then natral to think about the possible conenction between extra dimensions and quantum entanglement.
This paper attempts to build a bridge between hidden extra dimensions and quantum entanglement. It discusses the implication of a compact 5 th dimension in the wavefunction structure and the apparent instantaneous so called mutual influence, by investigating the compactification size with respect to the Planck's length.
Basic idea
Because the main goal of this work is the presentation of a clear insight into a strange phenomena, simple mathematics is used to describe the observed or expected result. We just try to present a model that explains the phenomena such as entanglement. For this reason we will try to approach the explanation of entanglement in a describing manner rather than a deep abstract mathematical way. In what follows, we work for smplicity in natural units with = c = 1, so that
It is expected that the inexplicable correlation of the particles, knwon as entanglement, is more than a perfect conservation of initial qualities, and so there are no workable models in the classical sense, which give a description for such phenomena. A number of possible explanations could be considered in terms of:
1. A messenger moving faster than light at length scales less than the Plank's length p in 4D spacetime, and therefore is not allowed by the special relativity.
2.
A new field filling the space in a similar manner as the Higgs field, which is also unlikely because all particles would be equally influenced by such a field and thus it would seem that they are entangled.
3. A hidden dimension because the connection between entangled particles cannot be seen, and this seems to be more likely.
The fact that quantum entanglement interaction is faster-than-light in contrast to the other known fundamental interactions strongly suggests that the mechanism of such interaction can not be accomodated in our classical perception of the spacetime continuum, or at least another hidden extra dimension should be taken in consideration to explain such instaneous action [3, 10] .. Extra dimensional models are motivated extension of the 4D physics models given that they offer many solutions to 4D physics problems such as mass hierarchy, the small value of the gravitational interaction at four dimensions,... [1, 2, 3, 4] .. According to this, the most radical, and in many ways the most attractive suggestion for this instant interaction is the unification of the wavefunctions resulting from the original one in the compact extra dimension. In this vision, the extra-dimension is external in the sens that all fields are promoted to fields which propagate in the full space-time
where M is the flat 4D Minkowski space and C is a compact space. The spacetime coordinates are denoted by x s with s = µ, υ and µ = 0, 1, 2, 3 stands for the conventional Lorentz indices. We use for convention the notation x c with υ = 4, ... and write the wavefunction Ψ as
on which the following periodicity condition is imposed
where r c is the raduis of compactification of the extra space C. Carrying indirectly from the topology of the space C, the whole wavefunction (2.2) can be separated using the Ansatz
where ψ c (x c ) being the compact part of the whole wavefunction, residing in the compact space C. The best way to visualize this, is to consider the situation in (4 + 1) D, where the 4D correspond to the actual spacetime, whilst the 5 th dimension corresponds to the extra dimensional axis. In this picture, imagine a single event, for example the decay of particle producing two particles with different spin angular momentum [5] , such as
It is our suggestion that the two particles will remain linked through the hidden dimension. This could be illustrated in terms of the compact parts of the produced particles (2.5). In fact, the small distance between the two positions x where θ c is the corresponding angle. For the smallest compactification radius, i.e., the Planck's length r c = p , the relevant distance (2.6) is of the order of the Planck's length
This leads to the fact that, at a certain compactification length r c , the distance (2.7) becomes less than the Planck's length ∆x At this length scale, any possible effect of mesurement would propagate in the 5 th dimension at a speed faster than that of light. Although the concept of a compactification radius less than the Planck's length is meaningless, there is no evidence against conssidering a more less length scale 1 . This might be connected to the spacetime quantum effects that become significant in this extremely small length scale. As a consequence, at length scales well below such compactification length (2. This leads to the identification of the compact parts of the produced particles
and as a result, the decay process (2.5) becomes
In this scenario, at the beginning there is one particle Ψ (x s ) and it will nearly remain a unity because there is a connection by means of the compact part ψ c (x c ) in the hidden dimension x c , or even the real particle structure, running through the extra invisible dimension, and this what causes the instantaneous so called mutual influence. The produced states Ψ 1 (x µ ) and Ψ 2 (x µ ) are the only parts that can be observed in our limited familiar 3D world; and when we manipulate one, the corresponding other will react instantaneously via the connecting hidden part ψ c (x c ). In this way it can be explained why it seems that there is a faster-than-light messenger system in conflict with special relativity in the 4D, and therefore can explain phenomena that correspond with the description of entanglement. Thus there is no need for a new mediator, it is rather a matter of unity.
Perspectives
In the work we have proposed a relation between entanglement and spacetime dimensions. It has been suggested that the spooky timeless action between entangled particles could be explained in terms of compact extradimensions. For that, a hidden spatial dimension has been considered so that the observed 4D separated particles remain united by their hidden parts residing in the 5 th compact dimension, being compactified at a length scale less than the Planck's length r c p /2π, so that the distances between all positions x c i appear to be insignificant. This leads, at our mesurement scale r r c , to the identification of the compact parts of the produced particles. These hidden parts serve then as a bridge between the corresponding observed 4D particles in a manner that the whole system remains united. And this is what we believe responsible for the instantaneous action at distance between particles originating during an event from one source at a spacetime point.
We think that this idea sheds light on the possibility of the unification of quantum mechanics and general relativity, but further experiments will be necessary to determine whether there is a faster-than-light mediator or a hidden dimension at high energy scales whose the maximum size should be determined.
